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In this issue of Developmental Cell, Fong et al. (2014) present evidence for a model of centriole duplication
whereby the cartwheel—the starting building block in centriole biogenesis—assembles within the lumen
of the mother centriole before templating the daughter centriole to ensure a single duplication event per
cell cycle.Residing at the core of the centrosome,
the major microtubule-organizing center
(MTOC) in animal cells, is a pair of centri-
oles. An aesthetic marvel of nature’s engi-
neering, the centriole is a cylinder with
stable microtubule triplets arranged in a
9-fold radially symmetric pattern (Fig-
ure 1). This precise geometry of the
centriole structure and the exact number
of centrioles per cell, resulting from a sin-
gle duplication event per cell cycle, are
critical for normal cellular function and
development. Indeed, abnormalities in
centriole structure, function, and number
are associated with ciliopathies, primary
microcephalies, primordial dwarfisms,
and cancer (Nigg and Raff, 2009).
Centriole biogenesis occurs by at least
two pathways. The primary, canonical
pathway is where a daughter centriole
assembles at the proximal surface of the
preexisting ‘‘mother’’ centriole, suggest-
ing a template-based process. The other
pathway is a de novo assembly pathway,
which occurs without a preexisting
centriole (Brito et al., 2012). The former
assembly mechanism prevails in dividing
cells, where centriole duplication occurs
once and only once for each maternal
centriole per cell cycle.
The initiation of centriole duplication
typically starts with the formation of a
9-fold symmetric cartwheel structure on
the side of the preexisting centriole at its
proximal base. A nascent centriole then
grows on this cartwheel platform (Azimza-
deh and Marshall, 2010). The main struc-
tural component of the cartwheel is a
coiled-coil protein called SAS-6 that
dimerizes and then self-assembles into a
9-fold radial cartwheel (Schuldt, 2011). In
many cell types, during maturation of the
new centriole, the cartwheel structuredegenerates, leaving the centriole lumen
empty (Azimzadeh and Marshall, 2010).
For every rule, however, there are excep-
tions. For example, in butterfly spermato-
cytes, the mother centriole retains the
cartwheel structure after S phase, and
multiple procentrioles (nascent centrioles)
are seen next to the assembled daughter
even though their assembly is arrested
(Gottardo et al., 2014).
Centrioles are licensed to duplicate
only once during the typical cell cycle
through the disengagement of the
mother-daughter centriole pair at the end
of mitosis (Tsou and Stearns, 2006). A
notable exception to this is the amplifica-
tion of centrioles that occurs in multi-
ciliated epithelial cells, which produce
hundreds of centrioles to template the
assembly of a multitude of motile cilia.
Theoverexpressionof themajor cartwheel
component SAS-6, its partner STIL/
SAS-5, or the polo-like kinase 4 (PLK4)
also causes centrioles to overduplicate.
When PLK4 is overexpressed, instead of
one daughter forming at the proximal
base of a mother centriole, five or six can
form around the base of the mother (Kley-
lein-Sohnet al., 2007).Centriole amplifica-
tion is a hallmark of cancer cells and can
induce tumorigenesis (Nigg and Raff,
2009). In normal dividing cells, however,
centriole replication occurs with high
fidelity. How is this controlled?
In this issue of Developmental Cell,
Fong et al. (2014) propose a new model
for centriole replication whereby the cart-
wheel assembles in the lumen of the
mother centriole and then transits to the
proximal outer wall to initiate daughter
procentriole assembly.
Taking advantage of superresolution
microscopy, Fong et al. (2014) uncoveredDevelopmental Cedetailed centriolar localization changes
for SAS-6 through the duplication cycle.
While confirming previous findings that
SAS-6 is destroyed in G1 phase and
forms foci in duplicated centrioles (Strnad
et al., 2007), the authors observed that a
small amount of SAS-6 is transiently re-
cruited to the proximal lumen of undupli-
cated centrioles in early S phase where
it appears to form a cartwheel prior to
duplication. This occurs even with a
SAS-6 mutant that is unable to self-oligo-
merize, indicating that the lumen of
the mother centriole fosters cartwheel
assembly independent of the inherent
ability of SAS-6 to self-assemble. More-
over, CPAP/SAS-4, previously shown to
be required in the early stage of centriole
duplication, is required for SAS-6 recruit-
ment to the lumen of the mother centriole.
A role for another early assembly factor,
CEP135/Bld10, however, was unresolved
because its depletion by RNAi was
incomplete.
What is the fate of the luminal SAS-6?
Fong et al. (2014) demonstrated that after
acquiring the apparent cartwheel at the
proximal lumen of the mother centriole,
the SAS-6 oligomer is released. Concur-
rent with its release, a new signal for
SAS-6 appears on the outside wall at the
proximal base of the mother centriole,
where a procentriole assembles. While
not demonstrated directly, these ob-
servations suggest that the cartwheel
assembles in the ‘‘empty’’ lumen of the
mother centriole in early S phase and,
once released, transits to the centriole
outer wall to initiate procentriole formation
(Figure 1). Fong et al. (2014) show that
PLK4 and STIL/SAS-5 are both required
for the release of SAS-6 from the mother
centriole and the appearance of SAS-6ll 30, July 28, 2014 ª2014 Elsevier Inc. 111
Figure 1. New Model for Centriole Duplication
In this model, the cartwheel (purple) is preassembled in the lumen of the mother centriole (gold) in a CPAP/
SAS-4-dependent manner during S phase. This scaffold is then transferred to the outside surface of the
mother through PLK4 and STIL/SAS-5 to initiate daughter centriole assembly. The nascent, engaged
daughter centriole blocks additional cartwheel preassembly in the mother, preventing further duplication.
Illustration by Jodi Slade.
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Previewson the outer wall. They also reveal that
centriole engagement regulates the re-
cruitment of SAS-6 to the centriole
lumen. Thus, when a daughter procen-
triole assembles, further SAS-6 recruit-
ment to the lumen of the mother centriole
is blocked. This regulation ensures that
cartwheels preassemble in disengaged
centrioles in early S phase to promote
efficient centriole duplication while also
prohibiting any reduplication of engaged
centrioles before mitosis.
The work by Fong et al. (2014) provides
an attractive new model to explain how
centrioles duplicate only once during
each centriole replication cycle. By using
the mother’s lumen as a ‘‘womb’’ to incu-
bate cartwheel assembly and then trans-
planting it to her outside surface, this
can conceptually explain how only one112 Developmental Cell 30, July 28, 2014 ª2daughter procentriole is templated by a
mother centriole, although the mecha-
nism by which the procentriole blocks
the formation of a new precursor in the
lumen of the mother remains unknown. It
is notable that during de novo centriole
assembly, when there is no mother to
template cartwheel assembly, the number
of centrioles assembled is highly variable
(Loncarek and Khodjakov, 2009). The
next challenge for centrosome scientists
is to directly show that the cartwheel
formed in the mother centriole lumen is
the same one that later assembles the
daughter centriole on the side of
the mother centriole. Furthermore, while
the essential role for PLK4 might be cart-
wheel release from the mother’s lumen,
as revealed by Fong et al. (2014), it is
also required for de novo centriole assem-014 Elsevier Inc.bly (Nigg and Raff, 2009), so PLK4 must
have additional functions in this context.
Nevertheless, the provocative new model
that emerges from the work by Fong et al.
can be tested further and may finally
begin to explain the fidelity of centriole
duplication.REFERENCES
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Mammalian lungs are comprised of conducting airways and alveoli. How the distinct epithelial linings of these
two zones are differentially specified and maintained is not fully understood. In this issue of Developmental
Cell, two groups find critical roles for the Hippo pathway in regulation of lung progenitor cell differentiation.Mammalian lungs can be divided into at
least two functional zones: (1) the
branched system of tubes (also known
as conducting airways) that transport air
and (2) the blind-ended sacs called
alveoli, where gas exchange occurs. Theepithelia that line these regions have
distinct cellular compositions, allowing
them to perform their specialized func-
tions. In recent years, great strides have
been made toward identifying the molec-
ular signals that allow embryonic andadult progenitor cells to generate these
epithelial linings (reviewed in Morrisey
and Hogan, 2010). Despite these ad-
vances, important questions remain. For
example, what signals dictate whether
embryonic progenitors will give rise to
